Leptonic decay widths and leptonic decay constants of light vector mesons and weak leptonic decay widths and weak decay constants of light and heavy pseudoscalar mesons have been studied in a field-theoretic framework based on the independent quark model with a scalar-vector power-law potential. The results are in very good agreement with the experimental data.
its decay constant 7 and the radiative decay 8 of ordinary light and heavy mesons.
Because of this wide range of applicability of the model to both baryons and mesons, it has proved to be a rather simple and successful alternative to the cloudy bag model 9 . The purpose of this work is to extend its applicability to the study of the leptonic decay of vector mesons such as ρ, ω, φ and weak leptonic decay of light and heavy pseudoscalar mesons for an equally mixed scalar-vector power-law potential such as Ar ν . The leptonic decay width of heavier vector mesons in the charm and bottom quark sector have been studied in the nonrelativistic approach through the Van Royen-Weisskopf formula with radiative corrections 10 . But the same approach is not suitable for ordinary vector mesons in the light flavor sector, where the constituent quark dynamics is more relativistic. On the other hand, for weak leptonic decays, while many nonrelativistic quark model calculations 11 suggest that f K > f D > f B (f M is the weak leptonic decay constant), some of the models based on QCD sum rules 12 and lattice calculations 13 predict more or less a constant f M between K and B mesons. Capstick and Godfrey 14 calculate the hadronic matrix elements for the relativitized quark model expression for f M .
They find f Bc > f Ds > f K > f D > f Bs > f B > f π , but the calculated value of the ratio f K /f π ∼ = 1.75 is much higher than the experimental value of 1.22. The leptonic decay widths and decay constants f V of the light vector mesons have been calculated by using an equally mixed scalar vector harmonic potential 15 . Also, weak leptonic decay constants, f M , of pseudoscalar mesons have been calculated using the same potential and are found to satisfy
Potential used in Ref. 15 
Potential model
The quark-confining interaction in a hadron, which is believed to be generated by the nonperturbative multigluon mechanism, is not possible to calculate theoretically from first-principles within QCD. Therefore, from a phenomenological point of view, the present model assumes that the quark and antiquark in a hadron core are independently confined by an average flavor-independent potential V (r) of the form
For this potential, Dirac equation can be written as
where α and β are Dirac matrixes. Eq. (2) has two solutions with positive and negative energy given respectively in the forms
where Λ = (nljm) represents the set of Dirac quantum numbers specifying the eigenmodes. The spin angular parts U Λ ( r) and U Λ ( r) are described as
Substituting Eq. (3) or Eq. (4) into Eq. (2), one obtains (for n = 0, l = 0)
where λ q = E + m, E is energy of confined quark and m is quark mass. Using the substitution ρ = (λ q A) 1 ν+2 r for convenience, Eq. (7) reduces to the form
where
and g(ρ) is chosen as
where x and d are variation parameters and they are obtained by minimizing ǫ.
Hence they are solutions of
Using Eq. (9), Eq. (11) and Eq. (12), ǫ is found to be
. When Eq. (13) is calculated numerically, d is obtained as 1.502 and using this value ǫ is found as 1.3268 which is very close to the results of the WKB method and 1/N -expansion.
Thus, the lowest eigenmodes corresponding to the positive and negative energies have the respective explicit forms
where the two component spinors χ m and χ m denote χ ↑ = 1 0 , χ ↓ = 0 1 and
Using Eq. (8) and Eq. (5), the radial parts in the upper and lower component solutions corresponding to a quark flavor q are
where, N q is normalization constant obtained from the equation
3 Quark-antiquark momentum distribution 
Where U q (p, λ ′ ) is the usual free Dirac spinors. Eq. (20) can be easily inverted to yield
Thus, it is found as
where,
2x and
4 Leptonic decay widths
Now following Margolis and Mendel 17 one can represent the ground state of a neutral vector meson such as (ρ, ω, φ) with a particular spin projection S V and zero momentum as
Here, b † q (p, λ 1 ) and b † q (−p, λ 2 ) operating on the vacuum state are quark and antiquark creation operators, respectively. The summation with the flavor coefficient ζ V q and the spin configuration coefficient C
represents the appropriate SU(6) spin-flavor structure of the particular vector meson V with its spin projection S V and zero momentum. The factor √ 3 is due to the effective color singlet configuration of the meson. N (0) represents the overall normalization, which is given by
Assuming that the main contribution to the leptonic decay process of neutral vector mesons such as ρ, ω, φ comes from single virtual photon creation from the annihilation of the bound quark-antiquark pair inside of the meson, S-matrix element in configuration space can be written as 15
Where, D µν (x 2 − x 1 ) is the photon propagator, ψ e (x) and ψ q (x) are the free lepton and quark fields, respectively. After some standard calculations (details of the calculation can be found in Ref. 15) , one obtains
Where, f V is known as the leptonic decay constant and in this model it can be written as
Here,
I V and J V values can be calculated numerically by computer.
Weak leptonic decay widths
Here, the weak leptonic decay of charged pseudoscalar mesons such as π ± , K ± , D ± , D ± s , B ± and B ± c are considered. Assuming that the main contribution to the weak leptonic decay processes comes from the single virtual boson creation from the annihilation of the bound quark-antiquark pair inside the pseudoscalar meson M , the S-matrix element in configuration space is written as 16
Where, G F is the Fermi coupling constant, ν qmqn are the CKM matrix elements and
where, C M q 1 q 2 (λ 1, λ 2 ) stands for the appropriate SU(6) spin-flavor coefficients for the pseudoscalar meson M . N (0) represents the overall normalization, which is given by
Results
The Table I, Table II and Table III .
Conclusion
In this paper, the independent particle model approach has been used to investigate 
